Trypanosoma brucei possesses a streamlined secretory system that guarantees efficient delivery to the cell surface of the critical glycosyl-phosphatidylinositol (GPI)-anchored virulence factors, variant surface glycoprotein (VSG) and transferrin receptor (TfR). Both are thought to be constitutively endocytosed and returned to the flagellar pocket via TbRab11+ recycling endosomes.
| INTRODUCTION
The kinetoplastid parasite, Trypanosoma brucei, is the causative agent of human African trypanosomiasis (Sleeping Sickness), a disease that affects sub-Saharan African populations, exposing 70 million people and causing thousands of infections annually. Domestic cattle are widely affected by trypanosomiasis on this continent as well, leading to extensive agricultural losses. The parasite has a complex digenetic life cycle involving an insect vector, the tsetse fly. One of the major virulence factors within vertebrate hosts is the presence of a surface coat that consists of variant surface glycoprotein (VSG).
1,2 Hundreds of variants of VSG exist in the genome, but only one is expressed at any given time. Periodic switches of VSG expression in bloodstream form (BSF) parasites allows for evasion of the immune system of the host-a process called antigenic variation. 3, 4 The need for sustained production of an abundant VSG coat (~10 7 molecules per cell per 6 hours cell cycle) is enabled by a highly efficient and streamlined secretory machinery. 5, 6 Initial synthesis of VSG occurs in the endoplasmic reticulum (ER), where it is modified by addition of a glycosyl-phosphatidylinositol (GPI) anchor and N-glycans. All secretory cargo, including VSG, leaves the ER from 1 of 2 ER exit sites, each with a closely apposed and dedicated Golgi. From there cargo is delivered to the cell surface via the flagellar pocket, a small invagination of the plasma membrane at the posterior end of the cell. The overall process is extremely rapid (t 1/2~1 5 minutes), 7 but the precise route from the Golgi to the flagellar pocket is not known.
The flagellar pocket is also the site of all endocytosis in trypanosomes, both receptor-mediated and fluid phase. 8, 9 The rate of constitutive endocytosis is extremely high; it takes just 12 minutes to turnover an entire cell surface through the flagellar pocket, a domain that comprises~5% of the total plasma membrane. 10 This high rate is primarily for uptake of nutrients, but also for elimination of potentially lytic immune complexes. [11] [12] [13] As a consequence of ongoing endocytosis VSG is constantly internalized such that~10% resides in endosomal compartments at any given time 9,10 necessitating a machinery for efficient recycling to the surface.
Between the centrally located nucleus and the flagellar pocket are all the endosomal compartments typically found in most eukaryotes, marked by characteristic small GTPases called Rabs 14 : early endosome, TbRab5A/B; recycling endosome, TbRab11; and late endosome, TbRab7. The terminal endocytic compartment is a vacuole-like lysosome marked by the type I transmembrane glycoprotein, p67, and the soluble cathepsin-L orthologue, TbCatL. 15, 16 Although the secretory route of newly synthesized VSG is poorly defined, the route of its internalization and recycling has been outlined in great detail (reviewed in Reference 9 ). VSG, as is all endocytic cargo, is internalized in clathrin-coated vesicles and then rapidly delivered to the early endosome. From here it is typically sorted to the recycling endosome for return to the flagellar pocket via TbRab11+ exocytic carriers. VSG can also traffic from the early endosome to the late endosome and then back to the recycling endosome for export.
Collectively, this recycling process is extremely efficient; VSG is normally never degraded in the lysosome, rather it is shed slowly from the cell surface by GPI hydrolysis. [17] [18] [19] Other surface proteins that are known to transit the TbRab11+ recycling endosome include the trypanosomal transferrin receptor (TfR) [20] [21] [22] and invariant surface glycoproteins (ISGs). 23, 24 TfR is a heterodimer of ESAG7 and GPI-anchored ESAG6 that cycles between the flagellar pocket and endosomal compartments bringing in host serum transferrin as a source of essential iron. TfR partially colocalizes with TbRab11 indicating that it traverses the recycling endosome during this process. 25 Unlike VSG, however, TfR is ultimately degraded in the lysosome as a consequence of having a single GPI anchor rather than two. 26, 27 ISG65 (invariant surface glycoprotein 65 kDa) is a type I transmembrane glycoprotein of unknown function.
It has distinct cell surface and internal pools that are regulated by ubiquitinylation of lysine residues in the C-terminal cytoplasmic domain. 28, 29 Like TfR, ISG65 partially colocalizes with TbRab11 in the recycling endosome and is ultimately delivered to and degraded in the lysosome. 16, 30 In addition to the biosynthetic and endocytic/recycling pathways, we have demonstrated the existence in BSF trypanosomes of a postGolgi default pathway to the lysosome that is evident when specific targeting signals are deleted from endogenous cargo proteins of the secretory pathway. For instance, GPI-minus VSG is redirected from the cell surface to the lysosome where it is rapidly degraded. 17, 31 Another example is p67, where deletion of the C-terminal cytoplasmic domain (p67ΔCD), containing di-leucine motifs that specify lysosomal targeting in procyclic stage trypanosomes, has no effect on lysosomal targeting in BSF parasites. 15 The precise itinerary of this pathway is unclear, but it is unaffected by RNAi silencing of several components of the endomembrane system including late endosomal TbRab7, the terminal ESCRT ATPase TbVps4; and the PI(3)P-5 kinase TbFab1, all of which have differential effects on the other trafficking pathways. 16, 32, 33 An earlier TbRab11 RNAi silencing study indicated that TbRab11 is essential, but found marginal effects on Tf uptake and VSG export. 34 Since it is generally considered that all recycling VSG tran- 2 | RESULTS
| RNAi silencing of TbRab11
Previous work of Hall et al used RNAi silencing to demonstrate the essentiality of TbRab11, 34 and we have exploited the same approach here in order to further understand its role in protein trafficking within the endocytic/secretory pathways of bloodstream form T. brucei. A cell line with an inducible stem-loop dsRNA vector targeting the endogenous TbRab11 gene was constructed. Induction of silencing resulted in cessation of growth by 24 hours, concurrent with a~90% reduction in TbRab11 mRNA ( Figure 1A ,B). Immunofluorescence microscopy localizing BiP and p67 showed no disruption of internal ER or lysosomal morphology, respectively, after TbRab11 depletion ( Figure 1C ). Cells subsequently developed progressively abnormal morphology with complete death at~60 hours post-induction. While our results confirm the essentiality of TbRab11, the kinetics of silencing differ from the findings of Hall et al, 34 who observed remarkably immediate growth arrest (essentially at T 0 ) with onset of grossly distorted morphology as early at 5 hours post-silencing, all without a noticeable reduction in TbRab11. Conversely, our results are more in line with effects we typically see for silencing of essential genes of endomembrane systems in BSF trypanosomes, including late endosomal components TbRab7, TbVps4 and TbFab1. 16, 32, 33 Therefore, we have performed all subsequent analyses at 22 hours of induction, a time point when TbRab11 depletion first impacts growth, but gross and internal morphology and motility are normal.
| Effects of TbRab11 depletion on endocytosis
We first assessed the effect of TbRab11 silencing on binding and uptake of receptor-mediated endocytic cargo, and subsequent delivery to the lysosome, using tomato lectin and transferrin in our standard repertoire of flow cytometry assays. 16, 32 Tomato lectin is a surrogate marker for receptor-mediated endocytosis; it binds to membrane glycoproteins in the flagellar pocket, and is then endocytosed and trafficked to the lysosome. 15, 35 Transferrin specifically binds to the TfR and is likewise endocytosed and delivered to the lysosome. These markers were assayed under 2 different conditions:
at 4 C binding of cargo to the flagellar pocket is permitted but no internalization occurs; at 37 C binding and continuous internalization can take place. Binding of tomato lectin was unimpaired, but internalization in the continuous uptake assay was reduced to~40%
( Figure 2A ). This assay is not sensitive enough to detect binding of transferrin, however, uptake was impaired to an equivalent level as tomato lectin (~50%). The actual rate of endocytosis was determined using the pH-sensitive probe tomato lectin:FITC, which is quenched as it is taken up and delivered through endosomal compartments of increasing acidity to the terminal lysosome. 36, 37 Two observations are apparent ( Figure 2B ), initial rate of uptake of this ligand is reduced in silenced cells, and the final fluorescent signal was elevated. This decrease in rate parallels the overall reduction in both TL and Tf uptake, and suggests a general defect in endocytosis upon TbRab11 ablation. The higher terminal pH in silenced cells suggests that TL is not being delivered to the lysosome. This would be consistent with the findings of Hall et al, who showed that TbRab11 ablation disrupted delivery of ConA to the lysosome. 34 Alternatively, TbRab11 depletion may lead to dysregulation of the internal pH of endolysosomal compartments. To discriminate between these possibilities we imaged internalized tomato lectin by epifluorescence microscopy relative to the lysosomal marker protein p67. In control cells endocytosed probe colocalized prominently with p67 ( Figure 2C ) indicating, as seen previously, 15 delivery to the terminal lysosome. Depletion of TbRab11 had no effect on this localization. These results contradict those of Hall et al, 34 who saw disrupted lysosomal delivery of lectin, and suggest that TbRab11 silencing somehow affects regulation of lysosomal pH.
| TbRab11 silencing does not affect TfR turnover
The observed decrease in Tf uptake under TbRab11 depletion could be explained most simply if there are fewer Tf receptors available in the flagellar pocket. We explored this possibility by first assessing total cellular TfR by immunoblotting and found that the steady state levels of TfR subunits were unaffected by 24 hours of TbRab11 silencing ( Figure 3A ). This result differs from that of Hall et al, 34 who observed a several-fold increase in the ESAG7 subunit within 
| Effect of Rab11 depletion on VSG trafficking
A subset of internal VSG also colocalizes with TbRab11 in immuno-EM, 9, 38 which is thought to be endocytosed VSG returning to the cell surface via the recycling endosome. However, it is not certain if the biosynthetic route of newly synthesized VSG to the surface also intersects with the recycling endosome. On the one hand, Hall et al demonstrated that transport of newly synthesized VSG is not affected by TbRab11 ablation. 34 On the other hand, no obvious candidates for TbRab11 negative exocytic vesicles (EVs) have been identified in trypanosomes. Consequently, we have reinvestigated the role of TbRab11 in VSG trafficking and turnover.
We first confirmed the role of TbRab11 in the export of newly synthesized VSG using the hypotonic lysis assay in pulse/chase radiolabeling format. 7 In this assay arrival at the cell surface is indicated by the onset of susceptibility to GPI hydrolysis and release by endogenous GPI-phospholipase C (GPI-PLC), which is activated during lysis.
Newly synthesized VSG en route to the cell surface is sequestered from GPI-PLC and consequently is resistant to release. Using this assay we found no difference in the rate of VSG export in control vs
TbRab11 silenced cells ( Figure 4A ), in agreement with the findings of
Hall et al 34 We next developed an assay to measure recycling of internal VSG to the surface. Cells were pre-incubated with cycloheximide to flush nascent VSG from the exocytic pathway and then free surface amino groups were blocked by acetylation. Shifting to 37 C allows recycling of internal unblocked VSG, which is then susceptible to subsequent surface biotinylation. Residual unblocked VSG (~5% of total) was detected by specific immunoprecipitation and blotting with streptavidin ( Figure 4B , top), but this assay was not sensitive enough to detect an increased signal after incubation at 37 C. However, flow cytometry after staining with streptavidin:A488 consistently revealed a significant increase (~10%) in surface biotinylation following temperature shift ( Figure 4B , bottom). Although this assay does not discriminate between VSG and other recycling cargo, it is the overwhelmingly dominant surface component and we infer that the increased signal represents recycling of VSG. These results agree with those of Engstler et al who also observed a 10% recycling of VSG over a 5-minute incubation. 10 Importantly, TbRab11 ablation had no effect on this process, suggesting that like TfR, Rab11 does not influence trafficking of endocytosed GPI-anchored VSG through the recycling endosome. This result also suggests that if TbRab11 mediates recycling of surface membrane proteins, it does so for a pool other than GPI-anchored proteins, for example, transmembrane cargo, and that the large abundance of VSG may be masking its role in the recycling of other substrates in our assay.
Finally, we investigated VSG turnover, which has been shown to involve slow release of VSG to the media by low level GPI hydrolysis (t 1/2~3 0 hours). 18, 19 We performed pulse/chase radiolabeling and immunoprecipitated-labeled VSG from cell and media fractions at 0, 2 and 4 hours of chase ( Figure 4C ). In control cells, little VSG was detected in the media and this did not increase markedly (~10%) during the chase. In contrast, ablation of TbRab11 resulted in a dramatic increase in VSG shedding (~50%). This effect seems to be specific for disruption of the endomembrane system as silencing of the 
| TbRab11 silencing increases membrane shedding
BSF trypanosomes actively shed surface membrane via structures called nanotubes, which then fragment into smaller extracellular vesicles (EVs). 40 We performed SEM to investigate if increased shedding of VSG correlates with increased nanotube formation ( Figure 5A ). Indeed, cells with obvious nanotubes segregating from either the anterior and/or posterior ends increased dramatically from 10% to >60% under TbRab11 ablation. Silencing of ODC had no effect on nanotube production, indicating the phenomenon is not just a result of dying cells. We next assessed the degree to which the 2 modes of shedding, GPI hydrolysis vs EV formation, contribute to overall VSG turnover. GPI hydrolysis removes dimyristoylglycerol and uncovers a cryptic immuno-epitope called the Cross Reacting Determinant (CRD), 41 providing a convenient assay for GPI integrity. Cells Figure 4C ) and nanotube shedding ( Figure 5A ). These results suggest that both modes of release are involved in VSG turnover, and that both are enhanced by TbRab11 ablation. The possibility of an ordered pathway for VSG turnover, EV formation followed by GPI hydrolysis, is discussed below.
| Effects of TbRab11 silencing on biosynthetic trafficking to the lysosome
To investigate potential roles of TbRab11 in targeting newly synthesized proteins to the lysosome we followed the trafficking of 2 endogenous cargo proteins, the lysosomal cathepsin L orthologue TbCatL, and the type I transmembrane glycoprotein p67, in standard pulse/ chase assays. TbCatL is synthesized initially as proproteins of 53 kDa (I) and 50 kDa (X), which upon arrival in the lysosome are converted to the mature catalytically active enzyme (M, 44 kDa) by removal of the N-terminal prodomain. 42 Pulse/chase analyses indicate that this process is unaffected by depletion of TbRab11 ( Figure 6 ). We next assessed trafficking of the lysosomal type I transmembrane glycoprotein p67. 15, 43 As seen previously, p67 is initially synthesized in control cells as a 100 kDa ER glycoform (gp100) and is converted by Nglycan modification in the Golgi to a 150 kDa glycoform (gp150) ( Figure 7A, lanes 1 and 2) . Thereafter, it is transported to the lysosome where proteolytic cleavage generates the quasi-stable gp42
and gp32 glycoforms ( Figure 7A , lanes 3-5). TbRab11 silencing had We have demonstrated the existence in bloodstream trypanosomes of a post-Golgi default pathway to the lysosome that is evident when specific targeting signals are deleted from endogenous cargo proteins of the secretory pathway. For instance, GPI-minus VSG is redirected from the cell surface to the lysosome where it is rapidly degraded. 17, 31 Another example is p67, where deletion of the C-terminal cytoplasmic domain, containing di-leucine motifs that specify lysosomal targeting in procyclic stage trypanosomes (p67ΔCD), has no effect on lysosomal targeting in BSF parasites. 15 To investigate this route we introduced the p67ΔCD reporter (with C-terminal 3x HA tag) 16, 32 into the TbRab11 RNAi cell line for pulse/ chase turnover analyses. As seen previously, despite the absence of the native C-terminal domain the reporter is processed identically and with similar kinetics as endogenous full-length p67 ( Figure 7B , lanes 1-5). However, unlike the native protein, depletion of TbRab11 has no effect on trafficking and processing of the reporter ( Figure 7B , lanes 6-10). These results indicate, as was the case with TbVps4 16 and TbRab7, 32 that the default pathway to the lysosome is independent of TbRab11 function, and consequently must be distinct from the normal biosynthetic pathway.
| Effects of TbRab11 depletion on turnover of ISG65
Lastly we assessed the role of TbRab11 in trafficking of a type I transmembrane surface glycoprotein that is known to recycle through the endocytic pathway, ISG65. 23, 24, 44 ISG65 is an invariant type I membrane glycoprotein that can be ubiquitinylated on conserved lysine residues in its cytoplasmic tail, internalized and ultimately degraded in the lysosome. 16, [28] [29] [30] We utilized a cycloheximide-chase protocol 16 to measure turnover of ISG65 in Rab11-depleted cells.
Approximately, 50% of initial ISG65 was degraded in the 4-hour chase period in control cells ( Figure 8A, lanes 1 vs 2) , consistent with our previous observations. 16, 33 The lysosomal thiol protease inhibitor FMK024 completely blocked this degradation, confirming lysosomal Importantly for all these assays, ISG65 mRNA levels were unaffected by TbRab11 silencing ( Figure 8B ). These observations are consistent with a model in which TbRab11 participates in the recycling of the internalized pool of ISG65 back to the plasma membrane. In the absence of this process, internalized ISG65 proceeds via the only other pathway available to it, that is, towards the lysosome, leading to increased turnover and reduced steady state and surface levels. TbRab11 is an essential protein in T. brucei-knockdown leads to cell death following 24 hours, setting the time frame for all our subsequent analyses. Given the lack of direct evidence for a role in recycling of GPI-anchored proteins, we first evaluated the effect of TbRab11 ablation on TfR and VSG trafficking. We found that TfR biosynthesis, processing, turnover and steady state levels were normal in the absence of TbRab11. There was a modest~2-fold reduction in Tf uptake, but we ascribe this to secondary effects on clathrin-mediated endocytosis because a similar effect was seen with uptake of the non-specific ligand, tomato lectin. In support of this explanation we found no changes in levels of surface TfR following TbRab11 knockdown. All of these results suggest that normal trafficking of TfR, including recycling to the flagellar pocket after endocytosis, is not dependent on TbRab11 function. It is notable that while delivery of tomato lectin to the lysosome was unaffected by TbRab11 silencing, the actual pH of compartments along the way was higher than normal. Again we attribute this to secondary effects on general homeostasis of endosomal compartments because TbRab11 is not a component of late endosomal/lysosomal compartments. Similar to TfR, TbRab11 apparently has no role in normal trafficking of VSG.
Under knockdown, VSG biosynthetic trafficking to the cell surface was unaffected, nor was recycling of internalized VSG.
Taken together, our results with TfR and VSG suggest that, while GPI-anchored cargos do pass through the recycling endosome, 25, 38 transit is not dependent on TbRab11 function as has long been assumed. This has implications for the route of trafficking of newly shown that BSF trypanosomes constitutively shed membrane in the form of nanotubes that subsequently vesiculate into~100 nm EVs that contain both VSG and GPI-PLC. 40 Our findings raise the intriguing possibility of a two-step process for VSG turnover-first shedding of nanotubes/EVs containing VSG and GPI-PLC, followed by GPI-PLC activation and release of soluble VSG. It is possible that VSG is also released directly from the cell surface by GPI hydrolysis, but our finding that TbRab11 ablation increases membrane shedding and VSG release strongly implies a role for nanotubes/EVs in normal VSG turnover.
We have also investigated the effects of TbRab11 ablation on biosynthetic trafficking to the lysosome. First, ablation had no effect on lysosomal delivery of the soluble hydrolase TbCatL. This was not unexpected because the pathway for this endogenous cargo is thought to be direct from the Golgi to the late endosome/lysosomal compartment. However, the lysosomal transmembrane glycoprotein p67 was affected in the absence of TbRab11. Transport from the ER to the Golgi was normal, but subsequent arrival in the lysosome was delayed. Available evidence indicates that post-Golgi sorting of p67 involves AP1 adaptin-dependent clathrin-mediated export from the Golgi 42 and transit of the late endosome. 16 The effect of TbRab11 may again be because of secondary disruption of endosomal homeostasis. Alternatively, some portion of newly synthesized p67 may diverge from the Golgi to the recycling endosome, from which it is recovered by clathrin-mediated vesicular transport to the late endosome along with other endocytic cargo. 9 TbRab11 could be required for this recovery process. Finally, we found that TbRab11 knockdown had no effect on the transport of the default lysosomal cargo p67ΔCD, in which the C-terminal targeting signals have been deleted. This adds TbRab11 to the growing list of secretory/endocytic machinery that are apparently uninvolved in the default lysosomal pathway, including TbRab7, the terminal ESCRT protein TbVps4, and the PI(3)P-5 kinase TbFab1s. 16, 32, 33 Consequently, the nature of the default pathway remains a mystery.
It is perhaps comforting, given its apparent non-involvement in recycling of VSG and TfR, that TbRab11 does play a role in the trafficking of another surface protein known to recycle from endosomal compartments, ISG65. Ablation led to increased lysosomal turnover and lower steady state levels of ISG65, and most importantly to reduced levels of surface ISG65, which we interpret as diversion of intracellular pools to the lysosome when recycling to the cell surface is impaired. A similar interpretation was made for increased turnover of ISGs with knockdown of TbRME-8, a clathrin regulatory protein with broad distribution throughout the endosomal compartment of trypanosomes. 52 Our results allow us to elaborate on a previously proposed 16 roadmap for ISG65 trafficking ( Figure 9 ). ISG65 is a type I transmembrane protein that is ubiquitinylated on conserved lysine residues, endocytosed and degraded in the lysosome. [28] [29] [30] Knockdown of TbRab7 and the terminal ESCRT protein TbVps4, both components of the late endosome, results in enhanced lysosomal turnover of ISG65, suggesting that the primary pathway for this protein from the late endosome is retrieval to the recycling compartment for return to the cell surface. 16 In contrast, knockdown of TbFab1, the kinase responsible for synthesis of the low abundance phosphoinositide PI(3,5)P 2 , completely blocks ISG65 turnover. 33 There are 2 possible explanations for this finding: (1) the resultant decrease in PI(3,5)P 2 negatively impacts trafficking from the late endosome to the lysosome and (2) or conversely, it enhances retrieval to the recycling compartment. Either is possible but we prefer the former since, while TbFab1 localizes to both the lysosome and late endosome, PI(3,5)P 2 itself is located primarily in the lysosome. 33 We can now add TbRab11 to the pathway with a clear role in recycling ISG65 to the cell surface. The point at which RME-8 knockdown impairs recycling of ISG65 to the surface is not clear, but a role in the recycling endosome seems likely. All experiments were performed with cells harvested at mid-to-late log phase (0.5-1.0 x 10 6 /mL). A stem-loop TbRab11 RNAi plasmid, pLew100v5x:pex11-Rab11, was constructed using a 403 bp region (nucleotides 68-470) of the TbRab11 coding sequence (TriTrypDB:
Tb927.8.4330) as previously described for TbRab7. 32 The construct was linearized by NotI and transfected into SM cells by electroporation 60 and clonal cell lines were selected with phleomycin. The ornithine decarboxylase RNAi cell line has been described previously. 39 Both RNAi cell lines were induced with 1 μg/mL tetracycline for dsRNA expression. The default pathway trafficking reporter pXS6:
p67ΔCD with in-frame C-terminal 3✕HA tag is described elsewhere. 32 This plasmid was linearized with NotI for transfection into the TbRab11 RNAi cells and clonal cell lines were selected with puromycin. 
| Endocytosis assays
Endocytosis assays were performed as described previously. 32 Briefly, trypanosomes were washed in Hepes-buffered saline (HBS; 50 mM HepesKOH, pH 7.5, 50 mM NaCl, 5 mM KCl, 70 mM glucose) and pre-incubated (10 6 /mL) in serum-free HMI9 with BSA (0.5 mg/mL) for 10 minutes at 37 C followed by addition of tomato lectin (Tf: 
| Pulse/chase transport analyses
We performed pulse/chase analyses using metabolic radiolabelling 
| ISG65 turnover
ISG65 turnover was assayed by a cycloheximide "chase" protocol. 16 Protein synthesis was arrested by incubation with cycloheximide (100 μg/mL), and as indicated lysosomal thiol protease activity was inhibited by addition of FMK024 (morpholinourea-phenylalaninehomophenylalanine-fluoromethyl ketone; 20 μM; MP Biomedicals) prior to and during cycloheximide treatment. At the indicated times whole cell lysates were fractionated by SDS-PAGE and blotted as described above using primary anti-ISG65 antibody and secondary goat anti-rabbit IgG:IRDye800CW (Li-Cor).
| Surface biotinylation
Biotinylation of surface proteins was performed as described previously. 62 Cell surface amino groups were biotinylated in PBSG by treatment with membrane impermeant Sulfo-NHS-Biotin (Thermo Fisher Scientific; 30 minutes on ice, 1 mM final, 5 × 10 7 cells/mL).
Biotinylation reactions were then quenched by addition of TrisHCl, pH 7.5 (25 mM for 5 minutes on ice). Cells were washed 3 times with PBSG and processed for immunoprecipitation followed by western analysis with streptavidin-IR dye 800 CW (Li-Cor) as described above.
| Epifluorescence microscopy
Immunofluorescence microscopy was performed as previously reported by our group. 16, 32 Cells were fixed with 2% formaldehyde, permeablized with 0.5% NP40 and stained with DAPI (0. Filters were removed, air-dried and samples were coated with evaporated carbon at high vacuum (Denton 502 evaporator). Images were acquired on a Hitachi SU70 FESEM at 2.0 KeV using an in-lens secondary electron detector at zero tilt, or a lower detector at 70 tilt.
Nanotubes were quantified from 100 randomly selected cells in zero tilt images.
| Floatation analysis
Control and TbRab11-silenced (22 hours) cells were harvested from late log phase cultures, washed, resuspended (10 6 Inc.). Biological replicates (n) were obtained as indicated.
